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INTRCDUCTION

As part of a orogram of flight tests of several
orovallers on the Revublic P-47C sirplene for the purpose
of doterminirg cilimd und high-speed cheracterlstlces,
tests Lave been mede of a Curtiss No. 71L-1¢2-12 four-
blede pronoeller. Eesults of these teste and a brief
analyuls ave presented herein.

The climt tosts copsisted of' runs at normal rated
nower,, indfceted airsneeds of 160 and 165 miles per hour,
and altitudes from seu levsl to about 50,000 feet and
runs at military pows>, aa Indlcated airspced of 165 miles
pér hour, and altitudee from s3a level Lo about 23,000 feet.
High-speed tests coasisted of a serles of runs covering
a Macn nunbcr ruange from O.i to U.7 at sodroximately
consbant prver uud racetional speed and a series of runs
et a Yach nurber of 0.7 a1l constant rotational speed
with veryiug ovoser. Tn order to determine the af'fects
of courresaitility, bthe effliclencles measured 1a the
high-speed runs vere compared with those measured 1n runs
mede at the saaqe vower coelticient and acdvance-diameter
ratlo vt at & Much numter of aovnut 0.35.

SV RCLS
1 true airsreed
n proneller rotational speed, revclutlions per
geennd
D propeller dlameter

|

advance-diameter ratio (V/nD)

B section hlads angle at 0.75R

e blade angle at cny sectlon

R propeller-tip racdius

T proneller-section radlius

b Llade-section chord
SRR

4~
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h blade-sectlon thickness
rs radlael distance from thrust axis to survey point
_r

Xg = ?f

o free-stream statlc pressure

pTo free-streem total pressure

Aoy difference betweon slinstream total pressure and
free-stream total pressure

T oroveller thiust

Q roveller torgue

Cp arcepellier thrust coefficlent

Cp propeller Hnvier coefficlent

n nropeller elriciency

lof ratlo of denslty off free alr to density of ailr
at sca level

P drnslity of free air

M alrolane Vach nunber

Kt sropeller-tip Mach number .

PROPILLER AKD TEST EQUIPMELT

Censral zpeciflceatlions of the prcpeller and power
plant arv as follows:

Number of Plades . ¢+ ¢« & o ¢ 2 2 2 « s « « s« = o« «» Four
Blade design . . . « +« + + « « Curtiss No. 71h-1c2-12
Plade sez2tions . ¢« « ¢ ¢« - 4 & + =& o o« o« o« o« o« « Clark ¥
Fropeller dlagmeter . . . . . . « « « 12 feet, 2 inches
Propeller gear ratio . . . . . e o« o 221

Engine . . . . . . . . Pratt & Whitﬁe§ k-2300-21
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Military-power ratling of engine:
Englne speed, TPM « « .« « o ¢« o s o 2 « « « « o 2700
Manifold pressure, inches of mercury ¢« o o o 52
Horsepower . . . s e e e e . « o . 2000
Critical altituae, feet e e e e e » ( nprox ) 27,000

Lormai-power rating of engine:
Enzine speed, I'PM .« + « + s s s o o 2 o - « » o« 2550
Manifold pressure, lncnes of mercury . . « . .
Horsepower . . . . © e e e s e e s v e e e 1025
Critical altitude, feet .« e e s e e (aoHrox ) 29,200

Thre propeller, as tested, was equirpad witia the stendard
production cocling cufrs. Blade-form curves are pressnted
iIn figure 1.

Prcpeller thrust vas measurod by the slilpstream
total~pressure asurvey uetnocd. For tnis purpose two survey
rekes, counaected tc §ALP rocordiug multiple menometers,
were mourted lrorizeoncally 2n elther side of the fuselage
at the recar cof tlie engire cowling, as =shown in flgure 2.

A rhotogranh of the airplaae, poopellar, and survey rakes
1s prosentad ss I'Zgure %,

Propeller torcue was =easursd wlth a standard
Pratt & Whitney torgus retar, to vwhicn wes cornected a
sterndard NAJA pressure recorcer. An indicatling pressure
guge was mourted In tine co2plt for use by Lhe pilot.
Standard KA~A resccrding Instruments wzre used to record
englinc spsed, imnact nressurs, svatic onressure, and free-
alr teriperaturs. Proneller hlede argie was measured
with a speciel NACA spark-type bizde-angle recorier.

TEST PROCEDURES

Clinb tecsts.~ %ith engine spsed, rnaenlifold pressure,
and inaicated sivspeed adjusted to tae desired vslues,
short records cn &1l ilnstruments were ucken et intervals
of 2000 feet ss the aiiplene climbed frcm s3ea level to
altitude.

Climbs were mede under the followling conditions:

(1) Military power et normal climbing indicated airspeed
of 165 miles per hour
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(2) Normal power at indicated airspeed of 160 miles per
hour --- " cet C e o e

(3) Normal power at indicated airspeed of 165 mlles per
hour

The climb at military poWer was terminated at the
relatively low altitude of 23,000 feet because o
Insufficient engine cooling indicated by high cylinder-
head temperaturs. .

Hig%—speed tests.- Each high-speed run was made at
values of englne speed, torque, indicated airspeed, and
pressure altitude selected to produce a desired combination
of values of airvlane Mach number, propeller advance-
dlameter ratio, and powe¥r coefflclent. Because the air-
vlane was usually either. climbing or diving during a run,
only engine speed, torque, and airspeed could be fixed.
These values were therefore held constant as the alrplane
passed through the deslired altitude, when a short record
was taken.

The low-speed runs (M = 0.3), used as a basis for
determining the effects of compressibllity, were made in
the same'manner as the hlgh-speed runs.

REDUCTION OF DATA

True alrspeed, alrplane Mach number, and alr density
weré obtailned by standard reduction methods from the
recorded values of lmpact pressure, statie pressure, and
indlcated free-air temverature. Englne speed, torque,
and propeller blade angle were recorded directly.

Propeller power coefficient was calculated by the
formula

= 2

C
BT on2p5

Propeller-tip Mach number was obtained from the
equation
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Propeller thrust coefficient was evaluated from the
measurements of slipstream total pressure by the method
described in reference 1, which gives

ar - _ e VT .
v d(rsa) (pTo> P

In order to obteln the nondimensional quantltles used 1in
the present repcrt, equation (1) was reduced as follows:

dacC 1

T _ aT ™

2 2) 4 on2p2
d{xg ) v d(rs |~ pr"D
The &areas under the curves of dCp d(xsz) against xg
are equal to the thrust coefficients.

2

RESULTS AND DISCUSSION

Climb tests.- The varletlons of blade angle,
advance-dlameter ratio, nower &snd thrust coefflclents,
efficlency, and vropeller-tlp and alrplane Mach numbers
with denslity eltitude for the climbs are ‘presented 1ln
figures !. to 6. These flight data sre also given in
table I. .

In esch of the climbs, changés’ in propeller effi-
clency with altitude eppesr to be smell. Except.for &
slight initlial increase, efficiency tends. to decrease’
with altitude. Thls decreass 1ls to be expected, since
the oreratling 1ift -coefficients of the blade sections
increase with incroeasing altlitude and evproach the stall
region; ‘the flnal result is to reduce the sectlon 1ift-
drag ratios and to lower the efficiency.

Compressibillty effectes become evident in each of
the climbs wnenever the propeller-tlp iK&ch number exceeds
sbout 0.86. Thrust-grading curves for climb at normal
power and an indlcated airspeed of 1£0 mlles per hour
are presented in figure 7 to show these effects of
compressibility at high propeller-tlp Mach numbers. The
effects of compressibility are not evident 1in runs
20-1 to 20-11, in which tip Mach numbers are below 0.85
(figs. T7(a) to 7(f)). The first effects are evident on
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the right side of the propeller disk for run 20-12

(figs 7(g)) s in which.the tip.Mach nunber has preached 0.86.
These effects continue to lncrease with tip Mach number,
Little or no evidence of compressibility loss exlists on
the left side of the propeller disk, probably because the
left slde 1s less heavily loaded than the right side

owing to 1nglinatlion of the thrust axis to the alr stream.
To the extent, therefore, that the disk load distribution
1s affected, the tip Mach number at which compressibility
effects first become evident 1s influenced by the alrplane
attitude wlth respect to the flight path.

The term "compressibility effects" as used herein
means the effects shown by changes in the general shape
of the thrust-grading curves, for example, the dip in
the curve petween xg° = 0.6 and xg2 = 0.9 as measured
with the right survey rake in run 20-15 (fig. 7(h)). The
term does not lnclude the effect that causes the grading
curves for both the right ana left surveys_to approachn
zero at the tip at different values of xg2. Thls effect

1s directly attributable to an unintentlional yawed
attitude of the alrplane held during the run, which
causes the slipstream to be dlsplaced laterally at the
survey rakes.

ILosses 1n thrust due to compresslbility are present
at the higher tip Mach numbers but no marked decrease in
efficiency attributable to this cause 1s apparent. With
further increases 1n altltude that result in higher
gectlon 1lift coefficients and Mach nunbers, however, 1t 1s
expected that the losses would extend over an increasing
part of the disk area and that the effect on efficlency
would become significant. Compressibllity losses can be
delayed by reducing the tip blade angles. This reduction
would result in a transfer of load to the inboard sections,
which operate at lower Mach numbers and can therefore
absorb the additional load without serlious compressiblility
effects. The inboard shift of load would also tend to
bring the blade loadlng 1nto closer agreement with the
theoretically ldeal load distribution for a propeller
operating at low advance-dlamcter ratios; thus the
possibllity of a reduction 1n 1nduced losses exlsts. The
use of this method is suggested only 1f particular emphasls
1s put on climb performance, since large losses in efflclency
at high speed may result. '

Since in the range of advance-dlameter ratlo for
climb the propeller opsrates at power coefficients greater
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than the values for maximum efficiency, it is generally
recognized that eitner a reduction in power coefflcient
or an increass in advance-dlameter ratio is necessary to
increase efficiency. Thease methceds are ilivstrated by
comparing the eifficiency levels (at tig Mack nuumbers
below 0.86) of the climbs (figs. L to €).

In the military-powsr climb (fiyg. ly), the propeller
operates at an efficlercy of about 7b perccnt. By
reducing the powver coefficient at esscntlally the saume
advance-dlaweter ratic, as in the normal-nower climb at
an indicated airspeed of 160 miles ver hour (fig. 5), the
gropsller efficiency 18 increased to approximately

O percent. An additicnal gain in efficiency of about
3 percent is achieved Ly increasing the airplane speed
and thereby increasing the advance-dlumeter ratio, as in
the climb of figure o, These gains in efficiency ars
due primarily to reductions in the section 1lift coef-
flcients that cause the sections to operate et lift-drag
ratios anproaching the optimum. The climb performance
cf the airplane is, of cource, not improved ty the
increase in propeller efficlency because of the large
reduction in power requlred to effect the incroase. Tn
order to improve the alrplune ciimb performence, a
orooeller designed to abanrb miiltary power at these
higher section lift-dreg ratios is necessary; in effect,
&n increase in solidity is required.

Hizn-sveed tests.- In order» to determine the effects
of compressibillity on proveller oreration at constant
power, two serles of runs vere made at aiinlane
Mach numbers ranging from 0.4 to 0.7. One series was
mads &t a power coefficient of about 0.35, which
corresponds aporoilmately to mlilitary-power operation at
eritical altitude (27,600 £ft). The second series was
made at a power coefficient of about 0.29, which
corresponds t5 military power at an altitude orf about
18,900 feet. The data obtained in these tests are given
in table II. ’ .

The propeller efficlencles umeasured at high aspeeds
are compared in figure 8 witk the efficiencies measured
at low spsed (M = 0.3) in runs covering the same
ranges of power coerficient and edvance-diameter ratio.
The low-speed tests are summarized in figure 9, wkich
showa the variation of propeller efficiency with power
coefficient and edvance-diameter ratio.

o
N
o

- L} Ay
R Ll N o L i TTWe .

e FIRL A R LA R W LAY T U W ¥ SR R SR

ST RIS - e gee = e



MACA ACR No. LLIO7 <D 9

At the oroneller speced used in the runs of figure 8,
los3es in efficlency due to compressitility apparently
tegln at an airplane Mach numbsr below 0O.L, incresse
steadlily, ard reach 10 to 1l percent at aa sirplune
kach number of 0.7. The corresponding proveller-tip
kach nuwbcrs range from about 0.95 to 1.07.

The effect of propeller-tip Mach nunber on efficiency

l1s shosn in flgure 10, in which the ratio of aigh-soeed
efflciency to low-snoed elflclency ls glven as a functlion
of the high-speed proreller-tip kach number. Figure 10
skows that losses in cfflciency begin at Mg = 0.83,
vhich is in close agreement with ths results of the

cliab tests. The eofficiency loss due to compressibility
i1s showvmn to increase at the rate of about 7 percent for
an increase 2f 0.1 in tip Fach number.

Thrust-grading curves of rurs at a power coefficlent
of J3.25 are precented in figure 1l. &£8 in the cllmb
runs, only the right side of the propeller disk shows
sny appreclable compressivility loss (fig. 11(a)). as
the I"ach number is lncreased, however, compressibility
lossas also become evident on the lelt side (fig. 1ll(b)).
With further increase in Mach number, the losses become
larger and extend inboerd over & gresater portion of the
vropeller blade.

The thrusit-grading curve of a run made at an
airnlane Llach aumber of about 0.5 and at a reduced
rotational speced 13 oresented in figure 12. The advance-
Glameter ratl> and power coefficlent cre approximately
the same as those of figure 11{f). The marked difference
in the snape of these grading curves lndicates the extent
of the losses in the high-speasd run of figure 11(f).
Flgure 12 mey ulsd be comwared with figure 11(b). These
two runs were made at roughly the same power coefficient
and airclune ¥ach nw:ber. The curves for the two runs
1llustirate how compressibility losses may be reduced by
decrrusing the proveller rotational speed and thereby
reducing the section Kach numbers. 3y reducing the
rotational spesd, the propneller efficlency is lncreased
abont l, percent or about one-half the increase to be
exvscted from the reduction in tip Mach number alone
(fig. 10). Thils difference indicates that the propeller-
tip fach number slone doss not determine the magnitude
of the coumprzsssitility losses.
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The effect of lnading on the propeller efficlency
at high sveed wes investigated by making 4 series of runs
at an airnlane MNech nuwber of about 0.7 ancd constent
propeller spe2d with varying power. Tke results of these
tests are ccmpsred ‘n fizure 13 witin the results taken
from figure 9 of low-spead tests at the same adveance-
dlameter ratio and power coefficients. The extrapolated
roint in figure 13 wes determined by first extenaing the
curve for the h;gh-speed tests (Cp = 0.35) in tigure 8

to an sirplane Msach number of 0.7 and en advance-dilameter
ratio of 2.6. The valve of efficlency obtained was then
corrected to an advance-diameter ratio of 2.7 by using
the curve for the low-speed tests (Cp = 0.35) of

figare 8. As the power ls reduceé tiae pronellar
efficlency decrrases at bockh 1low and high speeds. The
compresslbility, lcss at high specd, as msasurel by the
difference in higl-speed od luw-apsed efficliency, appears
tc be relavively inderenisri or pcower end is about

10 to 1l perceatv througkout the rango investigased.

The offect of compressibility is to reduce the lift
coefricisnt for maximum section effliclency as the critical
Xaca nvmber is exceeded. A decrease in power would,
consagvrently, bs exnected to cause a reduction in
comprecssidility loss. In this case; however, some
sections of the propeller ure apparently overating at
approximately maximum efficiency and some, at 1lift coef-
ficients above those for msximum efficlency. Under such
circumstances a reduction in power would rosult in a
decreage in efficiency of some sectinons and an improvement
in efficlsncy in others; the over-all effect would be
only a small change in comoressibility loss., Flgure 1]
shows that the tip sectlons are operating at highest
e¢fficiency at high nower, since as the power is reduced
the tip sections produce a decreasing amount of thrust
in comparison with tne inboard sections. Some gain in
high-speed efficiency could probably be obtained by an
adjustment in load distribution.

A comparison of the results of the high-speed and
low-speed tests indicates that, in order to prevent
large losses in efficiency, blade-section Mach numbers
must be limited by reducing the rotational speed. At the
same time, however, any adverse effect due to the
Increase In sectlon Iift coefflcients necessary to
absorb the same engine power at a lower rotational speed
must be avolded by a proper increase in propeller solidity.

- - - - = -—-
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CONCLUSIONS

Flight tests of the Curtiss No. 71L-1C2-12 four-
blade propeller on a Republic P-l7C ailrplane indicated
the followlng conclusions:

1. In climbs at an indicated airspeed of 165 miles
per hour, from 5 to 8 percent was lost in efficlency by
increasing from normal to military power, primarily
because of the reductlons in section lift-drag ratio that
resulted from increased operating 11ft coefficlents.

2. Wlith military power, losses in efficlency due
to comnresslbllity started at an alrplane Mach number
less than 0.}, increased steadlly, and reached 10
to 11 percent et an &lrplane Mach number of 0.7. Compressl-
bility losses became evident whenever the propeller-tip
Mach number exceeded about 0.88, and the propeller
efflciency decreased at & rate of about 7 percent for an
increase of 0.1 1n tip Mach number.

3. At an alrplane Mach number of 0.7, a reduction
1n engine power below mllitary power resulted 1ln a lower
propeller efficlency, but the loss 1ln effliciency due to
compressibllity (based on low-speed tests at a corre-
swonding advance-diametoer ratio) was relatively independent
of power.

Li. PRy sultably increasing the solidity and reducing
the rotational speed, an improvement in the propeller
efficlency in both climb and high-speed operation may be
possible.

Langley Memorial Aeronautical Laboratory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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TABLE I
PLIGHT DATA OBTAINED FROM CLIMB TESTS OF
CURTISS NO. 71L-1C2-12 FOUR-BLADE PROPELLER

n ¥ 4
2 -1 0. 0.1 6 0.122 O. 8 22. 2 002 00812 0. 2 26.6
llt 23"2 . %ﬁ 01h9 -1 9 o; 8 22.23 oaz.g .818 0853 aeoh-
Ll- 29- c99 .1 7 01 5 .7 22.62 .24.].6 0823 .80 2809
1'. 29- 1.02 .200 0151 -76 22.H+ .22& -82& .75 2903
N 29-2 1.03 .212 .12h 761 aa.aﬂ .2 .8 .Zog 30.
I8 29" 1.0 .230 .1 o .750 22. -gg’it 08 5 [} 6 5106
15 29-3 1.12 .258 | 0162 0758 22-5 L] 08 0 -629 52.'4.
) 29- 1.15 0255 0165 -7 6 22. .290 08 9 a592 5&-5
.'. 29-9 1.19 - ; 0171 l? 22. 9 0506 -865 0553; 03
] 29-10 1.22 o2 9 0178 07)-'.3 22. 1 .520 0882 -B%z 2.2
L 29-11|1.26 | .302| .179| .748]122.49] .33L| .896} . g 38.2
5, T(a){20-1 | .94} .140} .116 '778 21.21| .223| .782| .96 26.2
5 20-2 | .99| .150] .121| .798|21.29 gzz .790 .go 23 .
5, 7(b)| 20-3 |1.00] .165| .132| .799{21.36] . .793] ..83 .6
5 20-4 [1.06] .191] .146| .810}21.20{ .2 7921 .775130.2
5, T(c) 20-2 1.08| .189| .140 .598 21.52| .263| .812| .731]|30.4
5 20-5 (1.09| .195| .143]| .802]21.78 .ggi .828] . Zg 31.1
5, 7(4) zo-g 1.15| .213| .150] .806]21.49] . .825] .6 ga.z
5 ) go- 1.%7 c220 .156 -798 gi.sﬁ oggg 08 ; .gég 52.3
» ] 0- 1. 0 . .1 L) [] [ L) [ [}
55 7 zo-go 1.26 .2%1 .123 . 23 21.72 .317| .852{ .528 5ﬁ.8
5, 7(£)| 20-11{1.28 | .272} .168] .791|21.43] .323| .852| .506]35.8
5, 7(g)| 20-12|1.36| .303}| .178] . 93 21.15| .342| .8861 .hgl .0
5 20-1 1- 1 -51 .1 5 . 0 21. -357 087!‘. . _08
5 20- 1.h% 3 Z 1851 .786|21. 370 .891 .385 Z?.l
5, 7(h) 20-15 loh -5 llB .387 21. .3 8 .920 05 0-0
6 18-1 |{1.00 .lb.g .118] .816(21.25] .237| .780 .832 %.2
6 18-2 1.01 .15 0126 '8% 21.5 . 1 .788 ° 9 .0
6 18- 1.07 olgl .133 '83 21. .2 h 0786 08 2 29.0
6 18-L {1.11] .1 2 1371 .820f21.36] 284} .794| -7 % 30.2
6 18-2 1.12 .19 5| .847|21.22 .gah .593 .Zz 5o.z
6 18-6 {1.16} .205| .1L49| .845{21.531% . .318] .683}31.
6 18-7 |1.20] .220 152 .833|21.50| .29l | .825] .6L5]32.4
6 18- 1.2% 237] .1 819|21.L3] .305| .83%| .60L}3 .K
6 18-9 1.2 02 2 1 0822 21.,4-; 0517 l8 565 L]
6 18-10]1.32| .269] .1 .822|21, 330] .851 2?1 52.5
6 18-11 1.5'4- 02‘?9 -170 .81 21. 0 03 .87h L] 99 5 -2
6 18"12 1. 7 0296 .176 .81 21.)4-8 03 0 .852 oh.?O 53.2
6 18-1 10 0520 01 8 0391 21.51 03 08 -'438 5 05
§ || g ) S s ) gl
6 18-1 1.5% .579 .1 6 o76h 21. 5 .ll-zo 0952 357 hl.z

NATIONAL ADVISORY
CONMITTEE FOR AERONAUTICS
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TABLE I
~ FLIGHT DATA OBTAIHED FROM HIGH-SPEED TESTS OF

13

Cp

Gy

a
(rps)

M Mg

17-1
17=-2
17-3
17-k
17-5
18-17
18-18
20-18
21-9
21-10
21-11
21-12
21-13
12-1

1.59
1.84
2.08
2.21
2.45
2.47
2.69
2.77
2.70
2.75

2.75
2.68

2.67
2.58
2.68
2.55
2.32
2.1
1.95
2.54

347
.352
351
358
346

151
.16l
176
204
.216
.221
256
.282
290
.292
291
295
330

0.343 [0.171 [0

151
134
121
.107

.021
.026
.030
.031

.051
.0L6
.060
071
.080
.096
.108
.122
.109

476
543
.636
«557
.609
672

0758
<797
0805

22.62
22.47
22.44
22.46
22.30
22.48
22.62
22.08
22.32
22.20
22.03
22.30
22.28
23.31
22,2
22.45
22.47
22.1
22.49
17.81

495| .979
«557{1.009
«594 {1.035
.65511.064
.666]1.077
.711]1.092
.712]1.075
.702}1.079
.70611.077
.70511.069
.701[1.078
.69311.070
.6991.100
.695|1.071
.662|1.047
.604]1.015
554 | .98L
.508| .960
.505| .803

0.4310.952 jo.416

416

47.8
7.8
h7.2

MATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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ADVANCE CONFIDENTIAL REPORT

CLIMB AND HIGH-SPEED TESTS OF A CURTISS NO. Tlh4-1C2-12
FOUR-BLADE PROPELLER ON THE REPUBLIC P-47C AIRPLANE
3y A. W, Vogeley

STMMARY

Flight tests were made of a Curtiss No. 71L-1c2-12
four-blaede proneller on a Republic P-4TC airplane in
climb end at khigh speca. The loss In efficlency when
power vas irncreascd from normal to military was found to
be from 5 to 8 mercent in c’imbs at an indfcated airspeed
of 165 miles per hour. This loss was attributed primarily
to reducticns in section lift-dreg ratlos resulcing from
increared operating liif't coefficients.

Tn higk-so>ecé fliyht at military power, losses 1n
efficlency cue to compressiblllicyr started at an airplane
Mach numbar less than 0.4 ard increascd steadily to 10
or 11 percent at un atrrlane Mach number ». 0,7. These
loss~s were encovrntsred wacnevsr the vrooesller-tip Mach
number excecded 0.83 and the propeller efficiency
decreased at a rate of about 7 percent for un lncrease
of O.1 in <1p Mach numkter. At an alrplane Mach numbser
of 0.7 and constant proveller rotetional speed the
propeller efficlency decreased with a decrevese in power
below militery power. In comparison with the efficlencles
of low-speed flight tests (a Mach number of approxi-
mately 0.3) at the same advance-dlameter ratio, however,
the compressibllity loss was relatively lndependent of
power.

The tests 1lndicated that, by sultably increaesing the
solidity and reducing the rotational speed, 1t may be
possible to improve the propeller efiiclency 1n both
climb and high-speed operation.




